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ST 101ARY

The hypothesized CA-only system is designed to meet the minimum re-
quirements of the GA community (including air taxi and business jet
operations). The cost of the postulated system grows from $331

million in 1977 to $400 million by 1986 in constant FY76 dollars.

In current dollars the 1977 cost is estimated at $356 million in-
creasing to $703 million in 1986. Cost sensitivity of the minimum
system to questions of coverage and demands for service is rather

small (less than 5%).
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1. INTRoDUCTION

The existing Air Traffic Control (ATC) system provides services
to air carriers, general aviation, and military users of the
controlled airspace of the civil aviation sector. A common
ATC system has an inherent cost advantage over separate systems
to provide similar services for each user because of the com-

monality of joint use elements. However, the common system
must be designed to meet the requirements of the most sophisti-

cated class of users, namely air carriers. Consequently, the
nature of services provided to other users of the system often
exceed their individual needs. Thus any cost allocation scheme
of user responsibilities based on the existing ATC system, al-
though satisfying economic criteria, may assign higher costs to
the less sophisticated users than would be experienced if ser-

vice was limited to that required under a separate system sce-
nario.

As part of the overall study of Airport and Airway User Cost
Responsibility 1977-1986 (Reference i), it is desirable to

assess the cost responsibility of general aviation (GA) users
based on their minimum requirements. A hypothetical system
meeting these minimum requirements is developed and its

associated costs estimated. The results provide a lower limit
to the cost responsibility of GA users.

The postulation of a system meeting the minimum GA requirements
and its cost estimation were conducted under the following
guidelines:

i. The analysis will identify and estimate the costs of
those elements of the existing ATC system that would be

essential in meeting the minimum requirements of the GA
community. No alternative technological development will

be postulated with respect to what could have been if the
presence of air carrier industry had not influenced devel-
opment.

2. The GA traffic is not assumed to grow to fill the trans-
portation void created by the absence of air carriers in
this hypothesized GA-orly system. No alternative forecasts

are considered to rE -ect the absence of air carriers.

3. Presently existing facilities will be assumed to be
available at no capital cost, i.e., sunk costs will not be
considered. In addition, it will be assumed that any
presently existing facility not currently needed in the
hypothesized GA-only system but required at a future date

-: .- :s+: " :-77 L - i i:I 1



will be also available aL no capital cost. For example,
if an existing ATC tower is not required under the postu-
lated GA-only system today but is needed in the future. c

to increasing activity, it is assumed available for free
when needed. This analysis assumes that the tower c::n. be
shut down and reopened when desired without any special
costs or recurring upkeep cost during the shut down period.
This simplifying assumption is postulated in order to
achieve a lower bound on the cost responsibility of GA
users by providing existing facilities in full operating
condition as and when required at no cost to the hypothe-
sized CA-only system.
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A PERSPECTIV'- , :.RAI. 1AViQ>O v:Is

General ,riuiatien ,st rs 1t r:, he r)11eenus grup wIh .i wide
range ot airerati t tvpes , .,,Th > .iu p,Ae ano tvpe of tlight.
They var., in capabilitv 1!-,si g>- ngine pi:ton ilrcraft to

turboprops aad turbojets. ihe most sophisticated GA user has
avionics that are comparable to air carriers. The type and

purpose of flying also varies from weekend pleasure flights

(only in good weather) to the business/corporate jets and air
taxi operations that use extensive system capabilities and the

busiest of airports regardless of weather conditions. A recent

study (Reference 2) for the FAA deals extensively with GA air-

craft, owner, and utilization characteristics based on 1974

survey data. The study has shown that while 75'-80% of GA

aircraft are equipped with VILF comrunications equipment and VOR
receivers, the percentage of [LS avionics equipped aircraft is

of the order of 37%. Thus, only about one third of the GA fleet

is equipped for basic IFR flight and precision approach. How-

ever, usage of the ATC system under IFR weather is heavily

weighted toward the more sophisticated aircraft as evidenced by

the number of hours flown. Figure 2-1 (reproduced from Refer-
ence 2) shows the mediau hours (per aircraft) flown in local
or itinerant, and VFR or 1FF flivht by type of aircraft.

In terms of the proportion of GA demand on the Federal system,

a review of the current aviation forecasts (Reference 3) indi-
cates that for the period of study (1l477-1986) GA accounts for

over 90% of aircraft contacted at FSS ind 30-40 of IFR air-

craft handled at en route centers. In the terminal area, GA

activity forecasts represent S5%-90% of total operations and

55'1-65% of instrument operations over the same period. Almost

all of local operations are GA aircraft (over 95%). About 70%-
80" of itinerant operations are made by the general aviation.

To summarize, gcneral aviaticn represonts a wide spectrum of
aircraft, avionics equipage, use and type of flights and hence

the net requirements Imposed on any ATC svstem by general avia-

tion also cover a very wide rance as reflected in the following

section.



4
x
U

4

_____________ -. -. r -z

no

0
-~ z

I
~L1ZLL L z

4

-<C

- w



3. POSTUA2,TZ ) fIX ;K, ,.\. \v I,\ " Rf:IEXTS

In order. tost, t th : ,i'uiu AI(C reqtirements or tfv

general i'iat i -' t. S jimportant to recognize the

difftrenrt r's of :',,t!Ld. Local aircraft operations

origin ate and ter,. inaa( c.L L t same airport. They consist pri-

marily of pleasure ffi'i: ,, triining flights, touch-and-go and

instructional flights. Almost all of the local flights are
conducted during VFK e't i r Consequently, local VFR opera-
tions require Iitcie, Ll a"y, ATC system interaction. Itinerant
aircraft onerations are -nterested in getting from Point A to

Point B. Itinerant fiigi-tL -an further be divided into Visual
Flight Rules (V R) and c-t Flight Rules (IFR) flights.

VFR itinerant fIihL zc e good weather conditions and
can be made .itt a , "equipment and ATC system inter-
action, while Ii i- - ie .ore sophisticated in equipage,
and are capable oi f _ n.er 7FR weather conditions. Air
taxi, corporate anj Pu C~S't.- and turboprop operations usually

fall in the category of !R it nerant flights, The require-
ments levied on the Ax',temn bv such flights are the most

stringent of the gtner-al aviation requirements.

Based on the tvne of ri.I-t one can postulate the GA require-

ments for an ATC sy"stem.

I. Loca V'"R Cli'KP Since the extent of flying is
limited to a 1 icai ,.nd good weather, for the majority
of such fi'4hts uv A system need only assign frequencies
for an 1-r)o(1 ) 'v - tn (ITNICOM). At places where

the operi t ' igh enough to meet tower estab-

lishMeut .r7,a to,.,er with some form of traffic

control world be req irec. Pilots flying VFR have very
little intLraction wit', Other aspects of the ATC system

(navogatl n, approac c: rol surveillance, landing aids,
~~~n~ r~o 2ct. :LS s

itinerant :7"R Air,-ratt operations in this

category ire primarii',' interested in going from Point A

to Point B. Altlough t'ee flights are VFR flights, there

is a n eed to have we aie io::crmation along the flight

path -.. i-oid local aiz of severe weather systems.

In addj tim, to enabe inraft t follow the desired path

rom A to B and to Lp," iI,:I ,.nme:ected bad weather,

some form. of low ,o+t basi,- nvication aids are required.

The extent of coveragoe of such navaids would be minimal

and restricted to areas of relatively high operations

densities. In the terminal irea, itinerant VFR traffic has

the simne level of rsquirement [or the ATC system as local

'.'FR traffic.
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3. Itinerant [FR F Ii . Yb,sv op,0ror i ,s are the 'es[
sophisticated orm ,i t;.%. i Aircri t operat oig, Und e r

this classification will flk" ii FR we.ther, will file ight
plans, and would ,,qul:L, r t, '0 '!-,Iction with the A FC

system. Fi these I 1 ii t L'u sy.stem should provide
some form of fljght path n;oniterin,, and en route traffic con-

trol. Hence, a tornl or m, r:i e!n route centers will be re-

quired. The level of services provided would be greatly re-
duced over today's :;ystem and the level of sophistication of

the elements required w,,,'ld also ,e veor low. It is assumed
that there would be extonsi-e procedural control employed.
For the low traffic don-,itics o en route ,A operations,
position reporting wouit suff itce ;,nd no en route radar system

would be requiced. , ",'i of !ow ,ost basic navaids
would be larger th- rt P _, fihts to enable
the uarestricct edK :i ar;inv IVR operations. In
addition to \FR tower t, be!_,, a, 1 series of towers
with landing iids -ad ca o.:h soe ivce at selected
metropolitan ireas due c tni re and the need of the

public to fly to and tr7o1r , is re _ardless of weather
conditions. Because .,tc, i-:R tr c will crisscross

the country, ther& WiLL be .r 1_.td IL,' extensive weather,
flight plan filing and . d; >or' scrvices similar to the

existing FSS system.

The requirements or thu e i:'r.c. p ,f ", -t - or general

aviation are sur;mari,-ed K T ,i

~~*1 . -~
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.. .. ELEMENTS AF it A E(', L ' I 'wti F: "RAL AVIATION REQUIRE-
MENTS

For purpose.s ot iA t-: !ii. s ),r Lh existing system1
that would Cl~ft t AAt a postulated in the pre-

ceeding sectiot, - ,. divlueed inito three categories:

1. ATC Facilities (en route. terminal, FSS)

2. Navigation System (aa , precision landing aids)

3. Surveillance and Cormin,iuations Systems (VFR voice,
radars)

In the process of ,stinti . ..-;tc (presented in Section 5)

associated with the ;v",. r A recuirements, it is as-
sumed that the requiremdot ,- most stringent user (namely,
itinerant IFR traffic) .ii"o:t.tar urposes of this analy-
sis no attempt has beer, ia.c ct ';Lher allocate the cost of
this minimum system to ti, ,'pt,-c- of flight -- local or
itinerant. In tie course tf cOS,: recovery phase, however,
distinction amo, g the -ev :L7 .; .i'eraeots and system use of
the different types of flight (.local VFR, itinerant VFR and
itinerant IFR) should be made.

4.1 ATC Facilitit-s

General Aviation rtiu:.r- r C'eC soijl es covering en route
airspace wculd be ::;eL . . rou e centers. These
centers will be responsile _'r 11 fiht .and perform func-
tions such as flight lfan pr, -e ing, low control and position
monitoring. The number of tontroilers required to handle the
traffic would be substanuiariiv less. Manpower estimates are
presented in Section 5.

An analysis of ti.o i'tSL ,-we. operat ins count (FY76) indicated

approximately 0o s oert hti 1,eet the (,,A tower establishment

criteria of 2h0,000 or morc .nnual operations. In the GA-only
scenario, these 60 towers .,txs-" oi i VR towers. To determine

the number of additional :aocu so_,iphiticated tower requirements
at metropolitc areas, the iR'l'c TIl Loca ijons were used as a
starting point. ?f tih 1 .1 2or a, apnrc> imatelv 50 remained
after delet ing tp, se w;i in ,:o, ' -xi -O t; of each other, with

low activity levels, or whoce estahi L shraent was due to require-
ments of nearby military bases. !heste 50 ARTS Ill sites are
reduced to a T3,tCAB le:el i:, Ln.t' 1kA-uIv system. Details are
presented in Appendix A.

-. Ic



The FSS network is overwikelminoiv (A oriented and, hence, the
current network and prcposed :,:odificari)ns (as planned) are
assumed to exist I:n a cA-on1y ayste:i as well.

4. 2 Navigation 5vstems

Currently there are 906 VOR _ites used as navigation aids. A
previous MITRE study (Referenc? 4 has inlicated that approxi-
mately 300 VOR sites ],cated stritec.ia,_I: would provide single
coverage above 2000' I5] and double coverage above 6000' MSL.
This calculation, however, does not account for the terrain

features (mountains, obstructions, etc.) inherent in the exist-
ing locations of VOR's. . t i.s eiirimate ti tat a total of ap-
proximately 600 exirtng V.2 .e uiJ. be required to over-
come the coverage proeiems ,_a'md b',' the terrain features. To
obtain conservative cost- e-t iriuates 1-owever, it is assumed that

300 VOR sites would meet ti- CA.ir.un dO requirement of wide
spread single site national coverage to moderately low altitudes.
In addition, these VOR sites are to be si.gle VOR stations with
no TACAN, DIE, or c-ual VOR installations. This reduces the cost
associated with the VOR networ .

In accordance with the guidelines, it is assumed that the postu-
lated 50 metropolitan area TPRCAB facilities that support the
demand for IFR service,, wouLd hauc the minimum capability of a
single Category . 1 nS eac-h. In practice, this would be
below expected eeds, ut tci sl.-i .Ie assumption of providing
a lower bourd i.n erup::::t, 'cervices, and costs for the GA-only
system.

4. 3 Survelia tc , r :aij:1 Lai ons ;vseins

In the postulated (,A syste.m, it is assumed that no radar surveil-
lance would be requJred in tole on coute -enters. Of the terminal

centers, oniv cae -.0 fRAcAb ,ers ot metropolitan areas would
provide radar appro.>ach service, employing one ASR at each facility.

The voice conmmunications consist f VRF channels only. Given
the line-of-sight coverage needs tor a minimum national VOR
system (Reference 0, it is reasonablt. to assume that of the 498
RCAG sites, only 300 wculd ]e requirod to provide parallel
communication coverage for the mni en route centers of the GA
system. It is furthe- assumed ttiat the ATC en route channel
requirements will also be reduced from 11.00 VHF en route channels

today (Reference 5) to 300 (one per RCAG). If the channels were
reduced proportionally to the 30% of traffic represented by GA,
the result would be "330 voice channels. To maintain a minimum
estimate, 300 channeLs i re a:;auv ed. For terminal control centers,



currently tr -r .2. Limrated 4.4 liveraze

number of' VHrF~i RTR per tow~er
is assunlec I .!-, .- iquirerilents aire

reduesa ', :,, .... ich 'fRACAB sittu.

Relate,4 C06- -' LiflU t0lowing Sec-
tion.

*Estimate is based on io 2 <iiN oi exist ing towers and
frequenc ies.



5. COST ESTIMATES*

Under the assumptions of this study, existing facilities are

available to the CA-only system at no capital costs. For com-

parison with other elements in the "Airport and Airway System

Cost Allocations: 1977-1986" (Reference 6), the development

of the cost estimates are presented here in the same order as the

presentation of the cost base.

5.1 Research and Development Costs

The extent of R&D in the GA-only system will be minimal at best.

Relevant R&D costs are assumed to be those associated with FSS
and 50% of weather related costs. FSS deals with general avia-

tion operations, and a fraction of weather related R&D costs are

expected to be spent on severe weather warning and related acti-
vities for use by the GA community. Based on FY 1977 budget,

the R&D cost estimates amount to $7.0 million annually (in constant

1976 dollars) and are assumed to remain level through 1986.

5.2 Facilities and Equipment Costs

Because existing facilities are adequate to meet the requirements

of the GA-only system no F&E costs associated with en route or
terminal facilities would be required during the period 1977-

1986. The FSS cost projections are expected to remain the same

as in the existing system and are shown in Table 5-1 (Reference 7).

5.3 Operating and Maintenance Costs

The O&M costs are estimated individually for en route centers,

towers, FSS and other (navaid) categories as discussed in the
following subsections.

5.3.1 En Route 00 Costs

In the nonradar environment of the GA-only system, it is esti-

mated that 1.5 controllers per shift would suffice (Reference 8).

To arrive at the annual number of controllers, the following

equation was used which is consistent with past studies on con-
troller productivities (Reference 9).

All cost estimates in this section are in constant 1976 dollars.

5-1
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TABLE 5-1

F&E COSTS OF THE FSS SYSTEM

(IN MILLIONS OF DOLLARS)

IN CONSTANT IN CURRENT
YEAR 1976 DOLLARS DOLLARS

1977 $15.4 $16.4

1978 $ 9.0 $ 9.9

1979 $37.9 $44.0

1980 $40.4 $49.0

1981 $42.6 $54.0

1982 $44.0 $58.0

1983 $36.6 $50.0

1984 $41.1 $58.0

1985 $33.9 $50.0

1986 $19.4 $30.0

5-2



Controllers/sector = (Two shifts + 10% controllers for
night shift) * (60% increase to
account for vacation, sick leave,

weekends, training, etc.)

*(25% overhead supervisory staff)

- (2*1.5 + 0.1*1.5) * 1.6 * 1.25

- 6.3 controllers/sector

For the number of sectors, it is assumed that of the 665 existing

sectors all the high, super high, and oceanic sectors would not

be required. The requirements of the GA-only system can be met

through the 402 low altitude sectors (extended to cover all alti-
tudes of controlled airspace and redesigned as needed for a non-

radar system). This gives an annual controller staff estimate

of 6.3 x 402 = 2533. As an external check on the plausability
of this estimate as a lower bound, reducing the existing number

of controllers in proportion of the GA operations resulted in a
much higher estimate of approximately 3800 controllers. With an

annual cost of $25,748 per controller (Reference 7), the 1977

cost would be $65.2 million for the estimated 2533 controllers.

The cost of voice communications for 300 RCAG sites is estimated

based on $26,830 annual O&M cost for an average RCAG in the

current system (Reference 10). This gives a total 300 site cost

of $8.3 million. This cost is then reduced by 50% to account for

elimination of military UHF channels and 25% to account for the

reduced number of civil VHF channels; yielding a 1977 O&M esti-

mate of $2.0 million for en route voice outlets in a GA-only

system.

For the ten year study period (1977-1986), these costs (controllers

and RCAG) were assumed to grow proportionally to the increases

in traffic. The ten year cost estimates are presented in Sec-

tion 6.

In order to estimate cost sensitivities of en route O&M, costs

of additional RCAG sites and VHF frequencies were calculated.

An addition of 200 RCAG sites would cost $1.3 million annuai'',
and the retention of all VHF channels would add S3.3 million tc

the annual O&M cost.

5.3.2 Tower O&M Costs

The controller staff estimates for the towers are based on Ref-

erence 9. An average of 13 controllers are required for VFR

towers and 20 controllers for TRACABS. This gives an estimated

5-3



1780 controllers for 60 VFR towers and 50 TRACABS. The annual
cost estimate is $43.i million at $24,315/controller (Reference
7).

The voice cormr.-ications co ,t associated with the towers is based
on an annuaL O&M cost of $16,500/RTR with an average of 4.4
channels iieference 10). In the GA-only system, a VFR tower
would have an RTR with one channel and a TRACAB one with two
channels. It is reasonable to assume linear changes in cost with
the nurnber of channels. This yields an annual O&M cost of
$0.6 million for terminal voice communications in the GA-only
system.

The ) 1 costs of an ASR and an ILS for each TRACAB would also be

associated with tower operations in the GA system. The unit O&M
costs for the two equipment types are $84,650 and $30,000, re-
spectively (Reference 10). The associated annual O&M costs in
the GA-only design are $5.7 million.

To be conservative in the annual estimates in Section 6, the
facility cost increases projected over the 10 year analysis
period were based on the slower growth rates of itinerant opera-
tions rather than the higher projected growth of instrument
operations.

A sensitivity analysis of the number of TRACABS (as discussed in
Appendix A) shows that 10 additional TRACABS (including RTR,
ASR, ILS and controller staff) will add $6.0 million annually to
the estimated system cost.

5.3.3 FSS and Other O&M Costs

FSS O&M costs are assumed to remain as projected for the current
system and are presented in Section 6. The navaid O&M costs for
300 single VOR sites, based on $14,570 per site (Reference 10),
are $4.4 million. The navaid costs remain constant over the
years because the 300 sites were assumed to provide adequate
coverage. If 600 existing sites were needed the costs would

increase by $4.4 million.

5.4 Support Costs

The only support costs associated with the GA-only system are
leaseline costs (I&M). These costs were estimated at $13.0
million and were assumed to remain constant over the analysis
period because additional increases are expected to be relatively
small. Details are given in Appendix B.

5-4



5.5 Grants-in-Aid

The grants-in-aid portion allocated for general aviation airports
were assumed to exist in the GA-only system and are presented in
Section 6.

5-
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6. SUNEMARY

The estimated annual costs for an Arc system meeting miniiu, t;',
requirements are summarized in Table b-l in constant 1970 dol-

lars. Table 6-2 provides the same estimates in current dollars.
The costs estimated grow from $331 million in 1977 to $400
million by 1986 in constant 1976 dollars, and $357 million in

1977 to $703 million in 1986 in current dollars.

The cost estimates provide a lower bound on a GA-only system.
In certain areas, the estimates have been extremely conservative.
The cost sensitivity of the minimum system to questions of cov-
erage and demands for service is rather small. By way of sen-
sitivity analysis, the following estimates are provided in con-
stant 1976 dollars:

10 additional TRACABS $6.0 million/year O&M
(including RTR, ASR, ILS
and controller staff)

300 additional VOR sites $4.4 million/year O&M
(to provide coverage based

on existing locations)

200 additional RCAG sites $1.3 million/year 00N
(to provide coverage based

on locations)

Additional VHF frequencies $3.3 million/year O&1
for RCAG $15.0 million/year O0

Thus, a more operationally feasible estimate based on the service
needs demonstrated by the existing ATC system would add $15
million/year (4.5%) in constant 1976 dollars to the estimates

of the GA-only system.

The cost estimates developed here represent an ATC system that
would meet the requirements of all types of GA flights. Care

should be taken in any cost recovery analysis to differentiate
in cost responsibility between the various classes of GA users
(pleasure, business/corporate, agricultural, instructional, air
taxi) and between the different types of GA flights (local VFR,
itinerant VFR and itinerant IFR).

6-1
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approximately 50 sites for TRACAB facilities in the minimum
system.

The deletion criteria employed attempted to minimize the amount
of IFR delay and inconvenience that might occur in the GA-only
system. Consideration was also given to those instrument opera-
tions that might transfer to the TRACAB (present ARTS III) loca-

tions in the absence of their current day high air carrier

activity levels. It is expected that in many cases, sufficient

general aviation demand would shift from the postulated untowered
airports to the towered facilities to make up the deficiencies
in establishment criteria. The concentration of facilities in

major metropolitan areas is displayed in Table A-2.

In summary, it is estimated that a general aviation system would

be comprised of approximately 50 to 60 TRACAB facilities and
60 VFR towers.
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APPENDIX .

ESTIMATE OF LEASELINE COSTS

The estimate of leaseline costs were arrived at through a func-
tional analysis of the requirements of the CA-only system. Table

B-I presents the cost estimates in 1976 dollars based on Ref-
erencell. For some elements, engineering estimates are made

based on existing or historical figures.
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'ABLE B-I

ESTIMATE OF LEASELINE COSTS

CONSTANT 1976

DOLLARS

FLIGHT SERVICE STATIONS

20 circuits/stations
*140 miles/circuit
*292 stations
*0.54 $/mile/month

* 12 month/year

$5.4 miLlion/year $5.4 million

FLIGHT ASSISTANCE SERVICE

$0.84 million in 1972 dollars $1.2 million

FOREIGN EXCHANGE

$0.23 million in 1972 dollars $0.3 million

IN'TERCENTER NONRADAR

$1.0 million

CENTER INTR k-AREA
NONRADAR

$2.3 rilLion

FACILITY SWITCHING &
KEY EQUIPMENT

$18.1 million

TOWER EN ROUTE
$0.5 million
$21.9 million in 1972 dollars

ESTIMATED 20% FOR
GA-ONLY SYSTEM $4.4 million in 1972 dollars $6.1 million

TOTAL (in 1976 dollars) $13.0 million
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A-PPENDIX C

GLOSSARY

A.C./ AC AIR CABLIEE
A-F/ AP/ AEFT AIRPORT
AAT FAA AIR TRAFFIC SEEVICE
ADAP AIRPORT DEVELOkMENI AID PRCGEAH
ADM/ ACEIN ADmINIStRATION
ADV ADVISORY
AFTN AERCNAUTICAL FIXEE TELECOMMUNICATIONS NETWORK
AOPA AIRCRAFT OWNERS ANC PILOTS ASSCCIATICN
ARSE AIR RCOTE SURVEILLANCE RADAR
ARTCC AIR ROUTE TRAFFIC CCNIEOL CENTER
ARTS AUTOMATED RADAi TRAFFIC CONTROL SYSTEM
ASC ADMINISTRATIVE SCIENCES CCRECRATICN
ASH AIRPORT SURVEILIANCE RADAR
ATC AIR TRAFFIC CONTROl
AVP FAA OFFICE OF AVIATION POLICY

C-AP CAPITOL AIRPORTS
CAB CIVIL AERONAUTICS ECARr (SEE ALSO TRACAB)
CAP CAPITOL
CENT CENTEALIZED
CONUS CONTINENTAL UNIIEE STATES
CSC COMPUTER SCIENCES CCEPCATION
CTR CENTER (EN ROUTE)

DCA WASHINGTON NATIONAL AIRPCBT
ccs DATA CCMMUNICATICNE SYSTEM
DE? DEVELOPMENT
DIR DIBECIICN
DME DISTANCE MEASURING EQUIPMENT

DOD DEPARTMENT OF DEFENSE
DOT DEPARTMENT OF TRANSPORTATION

E&D ENGINEERING AND DEVELCMENT

F ST/ FLI S7DS FLIGHT STANDARDS

F&E FACILITIES AND EGUIPMENT
FE&D FACILITIES, ENGINEERING AND DEVELCPHENT
FAA FEDERAL AVIATION ADMINISTRATICN
FAC FACILITY
FREQ FREQUENCY
FSS FLIGHT SERVICE STATIONS
FY FISCAL YEAR

G.A./ GA GENERAL AVIATION
GANA GENERAL AVIATION MANUFACTURERS ASSOCIATION

C-I
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GOVT GGV~bMN
GRANTS GRANTS-IN-AID

I&M/ IN & MAT INSTAILATICN A.D MATfBIAL
ZAP, DULLES5 INTERkNATIChAL AIRFOBT
IFB INS'ISUMENT FLIGHT FULES
ILS INSTRUMENT LANDING SYSTEM

JFK JOHN F. KENNEDY INIEONATICNAL AIRECRT

LRIC LONG I UN INCEEMNIAL C-CSI
LRMC LCNG BUN MARGINAL CCST

MAINT HAIN IFNANCE
MDW CHICAGC MICWAY AIFFORT
MED MEDICAL (PROGpAmE)
MIL AILITARY
MSL MEAN SEA LEVEL

NAFEC NATIGNAL AVIATION FACILITIES EXPERIMENTAL CENTER
HAS NATIONAL AIRSPACE SlfTEM
NASA NATICNAL AERONAUICS AND SPACE ADMINISTRATION
HASP NATICNAL AVIATION EYSTEM PLAN
NATL/ NTL NATIONAL
NAVAIDS NAVIGA71ONi A1lE3
NBAA NATIONAL BUS1lNESS AIRCRAFT ASSOCIATICN
NOAA NATICNAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NNS NATIONAL WEATHER SEbVICE

O&M OPERATIONS AND MAINTENANCE
OPS OPERATIONS
ORD CHICAGO O'HAPE INTEENATIONAL AIRPORT
OST OFFICE OF THE SECRETIARY OF TRANZECETATICN

PATWAS PILOT'S AUTOMATIC TELEPHONE WEATHER
ANSWEBING SERVICI

PGP AIBPORT PLANNIbG (s~INT PROGbAM

R&D BESPEC8 AND DEVLCEMENT
R&M RELOCAlION AND MOrIFICATICN

R,E&D RiESEASR, ENGINBEING AND DEVELOPMENT
SCAG REMOTE COMMUNICATIONS, AIB TC GROUND
fics SADIC CCMMUNICATICNS SYSTEM
RTS REMOTE IRANSMI'ITEB,'RECEIVER

S.E.E. STANDABD ESTIMATE CF EBROb



AP PEN ;D IX C

(fO1SSAPY~;nd

S&5 STAFF AND 3PPBI~
saimc SHCRT hUN MARGINAL CCSTS
SUP SUPPORTi

TACAN TACTICAL AIR b~ilC ION AID
Tcs TECHNICAL CCNThUL 516VICP

TR TRAFFIC
TRACAB TERt1INA. RPBA CCN!IBOL FACILITY COLOCATED

Wlb CQ.'87BOL lCVRR
TRACON TRiii,&lbN&KaAt CCXM!iL FACILITY

TWEB Wt&~?A.! FATB1B BROAD~CASTS
TWE 70ER 47FI1!iraNL)

U.S. UNlITED STATEf
iJG3RD UPGRADID THIRD GEHEE&II1JN
UHF ULTRA BIGH FREQUINCY
UNICOM AERONAUTEICAL ADVISORY STATION

VCS VCICE COMUNICA~TIONE SYSTFM
VFB VI5UAL FLIGHPT auJL~s
VHF VERY HIGH ehEQU3VCY
VOR VHF~ OMN-H&-~bGf (SIVIGATIO A11)
VOETAC COLOCATEL VOR AND IACAN
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